Silicon is the dominant material in semiconductor industry to date. Novel nanostructuring technologies, such as ICP-plasma etching, photo-electrochemical etching as well as colloidal self-assembly of monodisperse silica spheres, may lead to novel application of silicon in photonics. Three different areas of applications will be discussed: integrated optical devices, sensors and photovoltaic devices. In the area of integrated optics, the properties SOI ridge waveguides and photonic crystal waveguides will be discussed and the possibility of tuning the optical properties. Concerning sensing, novel design for the gas interaction compartment based on macroporous silicon photonic crystals are presented. Macroporous silicon can be prepared uniformly on 6-inch silicon wafers and the holes can penetrate the whole silicon wafer. This enables gas flow through the holes and optical detection perpendicular to this direction in the plane of the periodicity. Finally, possible applications of silicon nanostructures in the area of third generation solar cells are presented.
PHOTONIC CRYSTALS
Photonic Crystals (PhCs) are the optical analog to electronic semiconductors, i.e., PhCs are semiconductors for photons. The concept of PhCs was introduced independently in 1987 by Sajeev John 1 and Eli Yablonovitch. In electronic semiconductors like Si or GaAs the bandstructure for the electrons arises from the periodic arrangement of the atoms that make up the crystal lattice. Electron waves travelling through the electronic semiconductor are scattered at the periodic electrostatic potentials of the atoms and their interference leads to the replacement of the free electron dispersion relation E free electron ( k) = (h 2 k 2 )/(2m) by the electronic bandstructure. In PhCs the photonic bandstructure (PhBS) results from scattering and interference of electromagnetic (em) waves at periodic arrangements of materials with different refractive indices n = √ , where is the materials dielectric constant. The PhBS replaces the dispersion relation of photons ω = (c/n)| k| in a homogenous dielectric medium with refractive index n and frequency ω along the direction k, where c is the speed of light in vacuum.
The PhBS depends on several parameters. One important parameter is the geometry of the lattice of the PhC such as hexagonal or square lattice. Assuming that the diameter of the air pores does not change along the z-axis, such a structure is called a two-dimensional (2D) PhC. If the pore diameter is varied along the z-axis in such a way, that there is in addition to the periodicity in the x-y-plane also a periodicity l z along the z-direction, such a structure would be called a 3-dimensional (3D) PhC. Another important parameter that influences the PhBS is the so-called dielectric contrast ∆ = 1 − 2 which is significant in the case of the air/Si material system where one has ∆ air,Si = Si − air = 11.6 − 1 = 10.6. As a rule of thumb the photonic bandstructure shifts to higher frequencies and the photonic bandgap (PhBG) increases when the dielectric contrast is increased. The PhBS depends furthermore on the so-called r/a-ratio, the ratio of the radius r of the pores and the lattice constant a of the PhC. This is a very important feature which will be very useful for the gas sensor application described below, because it is possible to adjust the PhBS to the different resonance frequencies of various gas under investigation by simply changing the pore diameter. In the next section we will discuss the use of PhCs for compact sensing devices, integrated optical waveguides as well as for novel photovoltaic devices. 
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Photonic crystal based spectroscopic gas sensor Figure 1 . Comparison of a conventional (left) and a PhC based gas sensor (right). The gas sensor size could be drastically reduced using PhCs as interaction volume.
APPLICATIONS

Photonic crystals in gas sensors
In many fields such as technical, environmental, automotive as well as medical applications gas sensors are indispensable. Several types of gas senors are available on the market such as sensors based on conductance or of the capacitance changes, calorimetric gas sensors or spectroscopy-or optical gas sensors. The spectroscopic approach is a rather general approach applicable to a broad variety of gases and is in addition highly selective due to the specific rotational-vibrational states (fingerprint) for every gas. The major drawback of such optical sensors is their relatively high cost due to the high demands on the optical components.
As an alternative approach we suggest the use of PhCs to obtain compact, robust and low-cost spectroscopic gas sensors. A closer look on the PhBS reveals that the slope of the PhBS represents the group velocity v g = ∂ω/∂ k for em waves of frequency ω within the PhC, where k is a vector in the reciprocal lattice of the PhC. Consequently, in regions where the photonic bands are flat, the group velocity | v g | is low. This means that light travelling through the PhC at a lower speed v g < c interacts longer with the gas, i.e., the interaction time t int is increased and therefore the length of the interaction path l int can be reduced while keeping the total interaction constant. In another simple intuitive picture the low group velocity can be interpreted as a result of the many reflections due to the many scattering surfaces in the PhC. As a consequence the fields of the scattered waves superimpose coherently and interact several times with the gas atoms and this gives the enhanced interaction.
Photonic Crystal Waveguides
The very large dispersion within photonic crystal waveguides, combined with the small group velocity achievable in these devices, makes them to potential candidates for dispersion compensation devices. Standard telecom fibres have around 1.55 µm a material dispersion of about 17 ps/nm per kilometer fibre. To date, there are mainly two different types of dispersion compensators used in telecom applications.
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Besides the dispersion compensating fiber (DCF), which is the most commonly used dispersion compensator in optical communication systems, fiber Bragg gratings have emerged in the last ten years. Since the tuning range is very small of both devices (mainly done by temperature), both devices are very sensitive to small errors during the fabrication process. Using photonic crystal waveguides as dispersion compensators, these two problems could potentially be overcome. While DCFs (resp. fiber Bragg gratings) have usually lengths in the km-range (resp. m-range) the same compensation can be achieved within the photonic crystal waveguide presented in fig. 2 being only a few millimeters long. Furthermore, fine tuning of the dispersion properties after fabrication is possible by different means, in order to adjust them to the desired values. By tuning the overall material properties of either the dielectric (e.g. by carrier injection) or of an infiltrated material inside the pores (e.g. electro-optic or birefringent materials), the dispersion can be adjusted.
Photonic Crystal in 3rd generation photovoltaics
The photovoltaic market is clearly dominated by solar cells made from crystalline silicon with a market share of over 90%. However, the maximum theoretical efficiency of photovoltaic devices made from one photoactive material is limited to values in the range of 30%. Therefore, novel designs of photovoltaic conversion including 
This limits currently triple cells to conversion efficiencies of about 33%
5 considering a theoretical conversion efficiency of about 63.6%
6 for separately addressed cells. We analyzed the possibility of spectrum splitting approaches using focussing gratings, dichroic filters or optical nanostructures. 7 We compared different approaches discussed in literature for spectrum splitting application for multiple solar cells. Focussed gratings lead to significant optical losses due to non-blazed orders of diffraction and due to a limited bandwidth. The second approach using Bragg filter is much more promising since it is based on interference. Specially designed chirped multilayer structures yield the required bandwidth of a gap-midgap-ratio of ∆ω/ω = 0.4. For the triple cell setup consisting of GaInP/GaInAs/GaSb, this system provides remarkably high gain of more than 30 % being still not optimized (Fig. 2) . In particular, the optical path losses could be reduced by directly integrating the Bragg filters or other optical nanostructures such as 3D photonic crystals onto the solar cells. This could be achieved by either directly depositing these multilayer structures onto the solar cells or by using nanophotonic materials such as ITO inverted opals.
